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(54) Digital mobile radio communication system with repeat request of a burst of speech or data following 
error recognition. 



(57) A digital mobile radio communication system, 
in which a burst of speech or data, is transmit- 
ted, and an error check is carried out for each 
burst and when the burst is incorrect, infor- 
mation about the incorrect burst is transmitted 
to the transmitter. Hereby, the transmitter re- 
transmits the same burst or a burst containing 
information related thereto, preferably prior to 
producing a subsequent burst With the pro- 
cedure the delay in transmission can be made 
shorter. 
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The present invention relates to a digital mobile 
radio communication system. 

Blocking of radio phone channels due to in- 
creased use of mobile phones presents a problem in 
the analog NMT system. In digital mobile phone net- 
works the capacity of a network is far greater than 
that in analog networks, and the channels are able to 
hold more users. In order to make more efficient use 
of the channels, development of speech coding meth- 
ods with below 16 kbit/s transmission speeds should 
be aimed at. In addition to a low transmission speed, 
as good speech quality as possible should be ach- 
ieved, which is expected to be maintained also in a 
poor transmission channel, i.e. the data to be trans- 
mitted is expected to accept a given amount of bit er- 
rors without causing disturbances to the speech. 
Therefore, methods which are non-sensitive to trans- 
mission errors should be used in the coding. 

It is important in transmitting speech not to grow 
the delay excessively. The total delay of a speech 
connection is allowed to be 300 ms at most in accor- 
dance with the CCITT recommendation when a sat- 
ellite is used in a fixed network connection. If a call 
selected through a terrestrial radio network is con- 
nected in a fixed network via a satellite, said delay re- 
quirement restricts greatly the permitted delay of the 
radio network. In that context reference is made to 20 
to 30 ms delay as allowed in the radio network. Meet- 
ing a delay requirement of this degree is difficult in 
conventional error protection methods, such as chan- 
nel coding and interleaving used in e.g. in the Pan- 
European GSM radio network. 

In digital mobile radio systems, the phones and 
base stations are provided with a speech coder/de- 
coder (codec), encoding the data to be transmitted 
and decoding the data to be received. A variety of ba- 
sic methods of speech coding exist, and in addition, 
from the basic speech coding methods a plurality of 
different versions and modifications have been devel- 
oped. The recommendation of GSM 06.10 determi- 
nes the implementation of speech coded in the GSM 
system very precisely up to the bit level. The trans- 
mission and reception in the GSM system are descri- 
bed below by referring to Figure 1 presenting a block 
diagram of a transceiver of the GSM system. The first 
phase in a transmission sequence is digitizing 1 and 
coding 2 of analog speech. The sampling is carried 
out at 8 kHz frequency, and in the algorithm the input 
signal is assumed to be 13 bit linear PCM. The sam- 
ples are segmented into frames of 160 samples, 
whereby the duration of a frame is 20 ms. In the 
speech coder of the GSM system, 20 ms speech 
frames are processed, i.e. prior to starting a coding 
process, 20 ms of speech is allowed to enter the buf- 
fer. The coding operations are carried out frame- 
specifically or in subframes thereof (in 40 sample 
blocks). As a result of an encoding process of the en- 
coder 2, one frame yields 260 bits. After the speech 



encoding 2, a channel coding 3 is accomplished in 
two steps, whereby first (i.e. 260 bits) part of the bits 
(50 of the most significant ones) are protected with a 
block code 3a (that is, CRC, 3 bits), and thereafter, 

5 these and the second most important bits (132) are 
protected further with a convolution code 3b (coding 
ratio 1/2) ((50+3+1 32+4)*2=378), and part of the bits 
are taken in unprotected (78). In block coding 3a a bit 
sequence is added to the end of a speech frame, with 

10 which transmission errors can be detected in the re- 
ception. In the convolution coding 3b the speech 
frame redundance is increased. On the whole, 456 
bits per 20 ms frame are thus transmitted. Said 456 
bits are interleaved 4 and even said interleaving in- 

15 eludes two phases. First 4a, the order of the bits of a 
frame is mixed and the mixed bits are divided into 
eight blocks equal in size. The blocks are divided 4b 
further into eight consecutive TDMA frames, i.e. the 
interleaved 456 bits are transmitted in eight time in- 

20 tervals of the radio path (57 bits in each). With the aid 
of interleaving, endeavours are made to distribute the 
transmission errors, occurring in general in error 
bursts, uniformly over the entire data to be transmit- 
ted, whereby the channel decoding acts most effi- 

25 cientiy. After the deinter leaving in the receiver, an er- 
ror burst becomes individual error bits which can be 
corrected in channel decoding. 

The next step in the transmission sequence is 
data encryption 5. The encryption 5 is made with an 

30 algorithm which is one of the most carefully guarded 
secrets of the GSM. By means of the encryption, the 
illegal listening of calls is prevented, which in analog 
networks is possible. From encrypted data a burst to 
be transmitted is formed 6 by inserting therein a train- 

35 ing sequence, tail bits, and a guard period. The burst 
to be transmitted is carried to the GSMK modulator 7 
which modulates the burst for transmission. The 
Gaussian Minimum Shift Keying (GSMK) -modulation 
method is a constant-amplitude digital modulation 

40 method in which the information is included in the 
changes of a phase. A transmitter 8 mixes the modu- 
lated burst through one or more intermediate frequen- 
cies to 900 megaherz, transmitting it through an an- 
tenna to a radio path. The transmitter 8 is one of the 

45 three radio frequency blocks RF. The receiver 9 is a 
first block on the receiver side and performs inverse 
operations than the transmitters. The third RF block 
is a synthesizer 10 responsible for forming the fre- 
quencies. The GSM system uses a frequency hop- 
so ping, in which the transmission and reception fre- 
quencies are exchanged in each TDMA frame. The 
frequency hopping improves the quality of the con- 
nection, while simultaneously setting the synthesizer 
10 strict requirements. The synthesizer 10 must be 

55 able to shift from one frequency to another in less 
than a millisecond. 

In the reception reverse operations are carried 
out for the transmission. After the RF receiver 9 and 
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the demodulator 11, bit detection 12 is carried out, 
wherein bits are detected in the received samples, i.e. 
by trying to detect the bit sequence transmitted. After 
said detection, the decryption 13 and deinterleaving 
14 are carried out, and channel decoding 15 is provid- 
ed for the detected bits, as well as the errors are 
checked with a cyclic redundancy check (CRC). In 
the channel decoding 15, endeavours are made to 
correct the bit errors produced in transmitting the 
burst. A speech frame of 260 bit size, subsequent to 
the channel decoding 15, includes the transmitted 
parametres illustrating the speech, with the aid of 
which the speech decoding 16 forms a speech signal. 
The speech signal is D/A converted 17 and carried to 
the loudspeaker 18 of the receiver. 

The transceiver is moreover provided with a con- 
trol unit 1 9 to control all blocks and to coordinate their 
operations, and to control the timing. The control unit 
19 includes e.g. a microprocessor. 

In the above described GSM system delays are 
produced in the error protection used first from the 20 
ms speech frame (buffering of the incoming speech 
samples prior to starting speech encoding), from the 
interleaving about 40 ms, and in addition, delays in 
the processing (speech encoding, speech decoding, 
equalizer, channel decoding, etc.). The most signifi- 
cant generator of delays is thus interleaving. 

In addition, a data package produced for trans- 
mission in e.g. the GSM system is transmitted in sev- 
eral bursts, for which a deinterleaving and channel 
decoding is carried out in the reception. Thereafter, 
the entire received data package is examined in case 
of errors. If the data package contains any errors, in- 
formation thereabout is transmitted to the transmitted 
apparatus, which thereafter transmits the entire data 
package once again. For this reason, useless extra 
time and capacity are spent when whole data pack- 
ages produced from a number of bursts have to be 
transmitted again in error situations. 

The GSM system, which is based on Time- 
Division Multiple Access, is not described in the pres- 
ent context more in detail, because it is obvious to a 
person skilled in the art, and the system is defined ac- 
curately for instance in the so-called GSM specifica- 
tions and introduced in e.g. a publication 'M.R.L. 
Hodges, The GSM radio interface, British Telecom 
Technological Journal', Vol. 8, No 1, 1990, p. 31-43, 
the contents whereof being included in the present 
context as a reference. 

According to a first aspect of the present inven- 
tion there is provided a digital mobile radio communi- 
cations system adapted to transmit data signals in 
bursts the system comprising a transmitter and a re- 
ceiver, characterized in that the receiver is capable of 
carrying out an error check after each data burst is re- 
ceived and informing the transmitter if an error has 
been detected in the data burst, the transmitter being 
capable of retransmitting an individual data burst or a 



substantial part thereof if an error has been detected. 

According to a second aspect of the present in- 
vention there is provided a transceiver of a digital mo- 
bile radio communication system comprising a trans- 

5 mitter and a receiver, the transmitter being provided 
with means for transmitting data in the form of bursts, 
the receiver being provided with means for receiving 
the bursts, characterized in that the transceiver com- 
prises means in the receiver for checking each re- 

10 ceived burst individually and for detecting potential 
errors in each received burst separately, and the 
transceiver comprising a buffer for storing speech or 
data for potential retransmission of an already trans- 
mitted burst or at least a part thereof. 

15 In the specification and claims the term data sig- 

nal is intended to include speech signals. 

An advantage of the present invention is the im- 
plementation of a mobile radio communication sys- 
tem, preferably a mobile radio communication system 

20 based on Time-Division Multiple-Access or on Code- 
Division Multiple Access (CDMA), in which a retrans- 
mission is used as an error protection method, where- 
with a delay caused by error protection and conse- 
quently, the total delay, can be reduced. 

25 This is possible by using, instead of the interleav- 

ing of the transmission end (and in addition, the de- 
interleaving of the reception end), a rapid error check 
for each burst in order to detect potential incorrect 
speech frames. After detecting an error in a burst, the 

30 reception end informs thereof the transmission end, 
which after receiving said information transmits the 
burst once again in the course of the time interval tak- 
en by the speech codec for forming a subsequent 
speech frame, whereby no additional delay is caused 

35 by the retransmission. Instead of transmitting an en- 
tire burst again, only part thereof, preferably the most 
important bits, or entirely new data can be transmit- 
ted, on the basis whereof the reception end is en- 
abled to form the original burst. As no interleaving is 

40 used, no maximum benefit can be derived from the 
channel coding; consequently, the channel coding 
can be omitted, whereby also more free capacity is 
available, though channel coding may also be used in 
addition to rapid retransmission. If a TDMA frame is as 

45 long as the time taken by the speech codec for form- 
ing a speech frame, a speech burst may thus be trans- 
mitted again within one and the same TDMA frame, 
in the time interval whereof it was initially transmitted. 
Alternatively, a retransmission can be carried out in 

so a subsequent TDMA frame, with the provision that 
said subsequent TDMA frame can be accommodated 
within the time period during which the subsequent 
speech frame is produced in the speech codec. The 
system in accordance with the invention may be ap- 

55 plied, not only in speech transmission, but also in 
transmitting other data through a radio phone, such 
as data included in a computer, a telecopying ma- 
chine or, in the future, data included in a video signal. 



5 



EP0 595 637 A1 



6 



In addition, retransmission can be used although 
channel coding and interleaving are also used. Here- 
by, some benefit is obtained because each burst is 
examined in separation, and retransmission is used 
only regarding the bursts in which errors were detect- 5 
ed. Hereby, the entire speech or data package com- 
posed of a plurality of bursts need not be retransmit- 
ted. 

In the system in accordance with the invention a 
rapid ARQ (Automatic Repeat reQuest) of a burst 10 
found to be incorrect is used in the radio path, i.e. in 
the lowest possible level, for transmitting speech or 
other delay-critical data. With retransmissions a con- 
ventional error protection can be replaced, which is 
typically implemented by means of channel coding 15 
and interleaving. The method is particularly well ap- 
propriate for a TDMA radio system, but it can also be 
applied for a CDMA system. In CDMA systems, also 
channel coding and interleaving are typically used for 
speech protection. In omitting channel coding and in- 20 
terleaving, capacity is freed for use in retransmis- 
sions. Hereby, a CDMA transmission is not, however, 
any longer continuous but in the course of part of the 
time no transmissions are carried out, whereby sav- 
ings are gained in power consumption and at the 25 
same time, the average interference level of the one 
and same channel is reduced. Various embodiments 
of the mobile radio communication system in accor- 
dance with the invention are mainly described below. 
As an example is speech transmission, though it is to 30 
be noted that the method is also applicable for trans- 
mitting other data. 

Conventionally (e.g. GSM), a speech package 
produced by a speech codec (in GSM, 20 ms of 
speech) is divided into several radio path bursts (in- 35 
terleaving), whereby a loss of a burst caused by inter- 
ferences or fading in the radio path, and a burst of er- 
rors caused thereby can be spread, whereby conven- 
tional Forward Error Correction codes (FEC) operate 
most efficiently. 40 

In the system in accordance with the invention, 
a speech package produced by a speech codec is 
typically transmitted in one time, i.e. in the TDMAsys- 
tem it is transmitted within one TDMA interval in one 
TDMA frame, and in the CDMA system it can be trans- 45 
mitted as soon as the speech codec has coded a 
speech frame of a desired length, and a speech burst 
to be transmitted has been produced. Hereby, trans- 
mission is carried on for a short period of time, and 
part of the time nothing is transmitted, while a subse- so 
quent speech burst is being produced, and CDMA 
transmission is therefore not continuous. A delay 
caused by interleaving can be avoided therethrough. 
A speech burst typically includes an error check for 
detecting incorrect bursts, such as CRC, which is an 55 
error detection system in which parity bits are gener- 
ated by encoding, and errors produced during the 
transmission are detected by means of a decoding al- 



gorithm. When the receiver detects an incorrect 
speech package, it sends a request for a retransmis- 
sion. In order not to cause more delays by the retrans- 
mission, it should be carried out during the period of 
time during which the speech codec forms a subse- 
quent speech package, i.e. prior to transmitting a sub- 
sequent speech package, whereby no extra delays 
are caused by the retransmission. In case the re- 
transmission is not successful, either, that is, the 
package cannot be carried through without errors, 
the package is deemed to be lost and the actions fol- 
low the procedure which is dependent on the speech 
codec (e.g. the preceding speech package is repeat- 
ed). The performed retransmission will thus not 
cause delays in transmitting incoming speech pack- 
ages, as is normal with retransmissions, when no ad- 
ditional capacity is provided separately for retrans- 
missions. An essential feature in the method of the in- 
vention is furthermore that the receiver end makes a 
rapid check about retransmission need and informs 
the transmission end thereof, and that the TDMA 
frame contains space, that is, free capacity for re- 
transmissions. A response (= request for retransmis- 
sion) can typically be transmitted along with a stan- 
dard speech package of reverse direction, or alterna- 
tively, with response packages reserved for said pur- 
pose (such as acknowledgement packages). The re- 
transmission capacity can be fixedly reserved for a 
user or, more preferably, be common to a number of 
users because, in any case, every package is not re- 
transmitted. In the latter instance, there may arise a 
competitive situation between several users because 
of which a retransmission is not always successful. 
Measures like those above, in conjunction with un- 
successful retransmission, are taken, as an example 
a preceding speech package is repeated. 

An advantage of the system in accordance with 
the invention is a small total delay to be achieved 
when the delay caused by interleaving is omitted. Ca- 
pacity may likewise be spared when the Forward Er- 
ror Correction (FEC) can be reduced. (When a 
speech package is typically transmitted in one radio 
path burst, there is hardly any use of the heavy error 
correction coding because the interburst interleaving 
cannot be used, i.e. the error bursts cannot be disin- 
tegrated.) The capacity saving thus obtained may be 
used for retransmission or for serving new users. 

An embodiment of the present invention is descri- 
bed below, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 presents a block diagram of a GSM 

transceiver; 

Figure 2 presents operation in a transceiver chan- 
nel in the method in accordance with the inven- 
tion; 

Figure 3 presents a second example of operation 
in a transceiver channel in the method in accor- 
dance with the invention; 
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Figure 4 presents a TDMA frame used as an ex- 
ample in the present invention; 
Figure 5 presents a rough block diagram of a 
transmitter and receiver used in the system in ac- 
cordance with the invention; 5 
Figure 6 presents a conceivable embodiment of 
the invention; and 

Figure 7 presents a second conceivable embodi- 
ment of the invention. 

Figure 1 is described above in association with w 
GSM, and the invention is described below by refer- 
ring primarily to Figures 2 to 4. Figure 2 shows by way 
of an example the operation in accordance with the 
invention in a transmission and reception channel. In 
the instance shown in Figure. 2 it is assumed that the 15 
speech frame and the TDMA frame are substantially 
of equal length. In such case the transmission and re- 
transmission are carried out during one and same 
TDMA frame. It is assumed that the figure presents 
traffic from a mobile station to a base station (up-link). 20 
The mobile station transmits a message as soon as it 
has completed its coding (speech coding). The base 
station acknowledges the speech package received 
in association with a normal transmission taking 
place from the base station to the mobile station. If 25 
the acknowledgement is negative, i.e. the speech 
package received in the base station is incorrect, the 
mobile station retransmits it during the same TDMA 
frame. It can be seen in Figure 2 that if speech pack- 
ages of 1 0 ms le ngt h are used (speech is gat hered for 30 
a 10 ms period prior to processing), the total amount 
of speech delayed is 20 ms at most and moreover, 
additional processing delay is caused by speech en- 
coding, speech decoding, equalizing, etc. The coded 
speech data produced by the speech codec is trans- 35 
mitted in a short TDMA burst 22, for instance at the 
beginning of a TDMA frame 21. Simultaneously with 
a transmission of the TDMA frame 21, a subsequent 
10 ms speech package 20 is read into the codec. 

For instance, when a base station receives a 40 
TDMA burst 22 containing transmitted speech data, it 
makes a quick error check, transmitting directly there- 
after a response in a burst 23 to a transmitter (here, 
a mobile station) if the speech package was incorrect. 
The response burst 23 may be a standard burst con- 45 
taining a speech package of reverse direction, or al- 
ternatively, a separate response burst reserved spe- 
cifically for said purpose. Thereafter, the transmitter 
(mobile station) transmits the same speech package 
once again in a burst 24 during the same TDMA so 
frame. 

In an equivalent situation using 5 ms speech 
packages in 20 and 5 ms TDMA frames 21, whereby 
it would be desirable for a real time implementation to 
have also the other processing delays in 5 ms, the to- 55 
tal delay would be 5 ms + 5 ms + 5 ms. However, a 
short length of a speech package leads in general to 
a less efficient channel use when the relative propor- 



tion of the extra bits increases because in a radio path 
additional bits, such as a training sequence, have to 
be included in a burst, and therefore, if a speech pack- 
age is excessively reduced, the proportion of data 
bits relative to the compulsory bits, such as training 
sequence, remains small and the use of the channel 
is for that reason inefficient The invention is not, 
however, restricted to a given speech frame length 
because the length of an optimal speech frame is de- 
pendent on the application and on other specifica- 
tions of the mobile radio communication system. 

Retransmission 24 is performed preferably at a 
frequency other than the first transmission, whereby 
the error probabilities of the bursts are uncontrolled. 
At low speeds of the mobile station, without a fre- 
quency hopping, the error probabilities of the bursts 
would correlate and even are transmission of a pack- 
age, which has been lost because of fading, would 
not, at a great probability, be successful. 

Depending on application, it pays to protect a 
speech package lightly, e.g. with a block code, which 
is capable of correcting a few of the errors in addition 
to its sufficient error detection capability. In such 
case, there would be no need to retransmit packages 
containing only a few errors. The amount of block cod- 
ing could be changeable, this being also dependent 
on the quality of the channel. Typically, a speech 
package contains bits of unequal importance, as an 
example GSM speech packages. Hereby, the block 
code can be used only e.g. for protection and error 
checking of the most important bits. Errors contained 
in less significant bits will thus not lead to retransmis- 
sions. A retransmission may use a different block 
code (being typically more efficient), whereby more 
transmission capacity (that is, a longer TDMA burst or 
2 TDMA bursts) may be needed for a retransmission, 
or only the important bits in a well protected form can 
be repeated. Retransmission can thus be optimized 
to comply advantageously with the speech coding 
method. A light channel coding can be implemented 
also using other coding methods, by e.g. convolution- 
al code. Even in such instance, a separate error de- 
tection method, e.g. CRC sum, is required. 

Coded modulation, e.g. trellis-coded modulation, 
can be used in transmission. Majority of the bursts is 
then typically without errors, and the errors become 
accumulated in a few bursts. This would lessen a 
need for retransmissions. 

The additional capacity required in retransmis- 
sions can be reserved fixedly for a given user, so that 
a retransmission is always possible. When no retrans- 
mission is needed, the burst remains unused, so that 
the average interference level is lowered. The addi- 
tional capacity thus left unused may be delivered to 
other users, (e.g. for transmitting non-delay-critical 
data). With conventional FEC, said extra capacity 
(i.e. additional bits caused by FEC) is used in any 
case, irrespective of the fact whether the channel 
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quality is good or bad. 

Benefit is most advantageously derived from the 
system of the present invention when no fixed re- 
transmission capacity is reserved, but when each 
user needing retransmission reserves additional ca- 5 
pacity among those time slots that are free, making 
e.g. use of a packet protocol. E.g. a slotted Aloha pro- 
tocol could be used, whereby each user has a chance 
to try a retransmission in any free time interval. This 
procedure may result in some lost retransmission 10 
packages when a great number of users make an at- 
tempt to use the same time slot at the same time. On 
the other hand, a greater amount of users can be in- 
cluded within the system when the fixed part of the 
capacity need not be reserved for retransmissions. 15 
Similarly, by utilizing the voice activity detection 
(VAD), more capacity can be provided for flexible re- 
transmissions and for new users. Utilizing the VAD is 
based on the idea that the channel is released to be 
used by other users when one is no longer using it. 20 
The released capacity can be used for creating new 
connections because it is not probable that all users 
are speaking at the same time, neither would all of 
them have any need for simultaneous retransmis- 
sions. Aflexible radio path reservation system is nev- 25 
ertheless required, e.g. Packet Reservation Multiple 
Access (PRMA). By utilizing the statistics of VAD and 
the package retransmission need, a greater number 
of logical connections can be implemented without in- 
creasing the number of physical channels. In other 30 
words, for instance in a conventional TDMA system in 
which one carrier is provided with e.g. 20 time slots 
(that is, 20 physical channels), 20 logical connections 
can be implemented. Using PRMA in the same 20 
physical channels, more than 20 logical connections 35 
can be implemented (e.g. more than 20 calls can be 
simultaneously in operation although not more than 
20 physical channels are available). Thus, when 
some capacity is available in all channels and be- 
cause the free time in different channels and the time 40 
when a channel is engaged is rather uniformly distrib- 
uted, a greater number of logical connections can be 
realized than the number of the existing physical 
channels in a system. 

Figure 3 presents a second embodiment alterna- 45 
tive concerning the functioning of the method of the 
invention in a transmission and reception channel 
when a 20 ms speech frame 20 and 5 ms TDMA 
frames 21 are used. (In the situation shown in Figure 
3 one user employs a time interval only from every so 
fourth TDMA frame. The situation is in principle the 
same as if in using a 20 ms TDMA frame divided into 
four logical parts.) When there are only few users, 
time slots can be reserved fixedly for retransmissions 
24 for each user from the TDMA frames 21 subse- 55 
quent to the actual transmission, whereby, when 
speech is taken in into the codec e.g. in 20 ms frames 
20 and when e.g. a 5 ms TDMA frame 21 is used for 



transmission, the speech data 22 may have even 
three possibilities available for retransmission 24. As 
the number of users increases, time slots are re- 
leased for new users, whereby possibilities of repeti- 
tion are reduced. From the TDMA frame 21, also par- 
ticular time slots can be reserved for retransmissions 
of all users. The users compete now on the use of a 
time slot, which may cause, as mentioned above, col- 
lisions when two or more users try to make a retrans- 
mission at the same time. As in accordance with the 
example presented in Figure 3, a retransmission need 
not be carried out during one and same TDMA frame 
but e.g. in the course of a subsequent frame. Then 
e.g. a frequency hopping can be implemented on a 
TDMA frame basis. It is assumed in Figure 3 that the 
normal transmission and reception are carried out in 
the course of one and same TDMA frame, whereby 
the acknowledgement of the communication direction 
shown in the figure can be transmitted along with a 
normal traffic channel. Acknowledgement of the re- 
verse direction would, however, take too long in the 
instance of Figure 3, so that a separate acknowledge- 
ment channel would be needed forthe other direction 
(e.g. a given time slot). 

Figure 4 presents a potential TDMA frame 21 for 
use in the system of the present invention, in which 
some of the time slots have been reserved for the ac- 
tual transmissions 22 and others for retransmissions 
24. If needed, the number of time slots reserved for 
various purposes can be changed. And if needed, 
also some of the time slots of a frame may be re- 
served for acknowledgement of the opposite direc- 
tion, i.e. for retransmission requests. 

Figure 5 presents a principle block diagram of a 
transceiver used in the system of the present inven- 
tion. A difference in the transmission sequence com- 
pared with the GSM system lies therein that the in- 
terleaving block has been omitted. The block diagram 
presented in this context is considerably simplified in 
comparison with Figure 1 , and only the blocks essen- 
tial with a view to the invention are presented. The 
blocks shown in the block diagram are provided with 
different reference numerals than the blocks of the 
GSM transceiver in Figure 1 because, although some 
of the blocks might be almost identical with the blocks 
used in the GSM transceiver, part of said blocks can 
be different (e.g. the modulator need not be a GSMK 
modulator). Figure 5 shows first a speech coder 102 
(e.g. part of the codec) which produces a speech 
frame, and through which other data potentially trans- 
mitted will not pass. After producing a speech frame 
a speech burst (or other data burst) can be produced 
106 which is modulated 107 and transmitted 108. As 
described above, prior to burst formation 1 06 at least 
a block coding 103a can moreover be carried out for 
the speech frame (as part of the channel coding 1 03), 
so that bursts with a few errors need not be retrans- 
mitted. If considered necessary, a convolution coding 
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1 03b can also be performed. For implementing the in- 
vention, a buffer 30 is also needed in the transmission 
sequence to store the speech frame 33 obtained eith- 
er from the speech coder 102 or the speech frame 33 
added with CRC 1 03, or a speech burst 33 which has 5 
been produced 1 06. A speech burst 33 to be retrans- 
mitted is now obtained from the buffer 30, and it is 
supplied either to a modulator 107, to the burst pro- 
ducing block 1 06, or to a channel coder 1 03, being de- 
pendent on the form it was stored in the buffer 30 be- 10 
cause the measures to be carried out will be depend- 
ent thereon before a retransmission. As in a transceiv- 
er in accordance with the GSM system, in a transceiv- 
er used in the mobile radio communication system in 
accordance with the present invention, a control unit 15 
controlling the operations is also needed (not shown). 
In the reception sequence an equalizer 112, check of 
CRC 115 and decoding of the signal (voice decoding) 
116 into a voice signal are carried out in the received 
signal 1 09. If the CRC checking block 115 detects bit 20 
errors in the transmitted burst, the apparatus which 
transmitted the burst will be informed of the error 
found therein, whereby the burst can be retransmitted 
on the basis of the burst or frame stored in the buffer. 
The situation is illustrated with line 32. Between the 25 
CRC checking block 115 and the buffer 30 no fixed 
connection exists, but reference numeral 32 de- 
scribes that when the CRC formation block detects 
an error, information thereabout is transmitted to the 
apparatus which transmitted the burst. In each appa- so 
ratus (i.e. in the transmitting and receiving appara- 
tus) the functions are controlled by the control unit. 

A retransmission 24 in accordance with the in- 
vention is carried out preferably using a different an- 
tenna (antenna diversity) (either in transmission or in 35 
reception, or in both) than in a first transmission, 
whereby the error probabilities of the bursts are non- 
correlating. The diversity can be used instead of fre- 
quency hopping, or in addition thereto. 

In the Finnish patent application FI-922938, a 40 
method is disclosed in which a mobile station is con- 
nected with two or more base stations at the same 
time. Hereby, a retransmission may be carried out 
through a different base station than the original 
transmission. 45 

Retransmission does not necessarily mean trans- 
mitting the same data again. As already stated above, 
only the most significant bits can be transmitted again 
in a better protected form (more channel coding). Al- 
ternatively, speech or data without protection can be 50 
transmitted first (only containing an error check). If er- 
rors are detected, the redundancy bits produced in 
the channel coding of the original data are transmitted 
in a second transmission (e.g. coding rate 1/2, where- 
by an equal number of redundancy bits as of original 55 
data bits are produced) togetherwith the error check. 
If these are received without errors, the original data 
can be calculated from said redundancy bits in the re- 



ception (inversion). If the retransmission also in- 
cludes errors, the bursts are combined, whereby a 
coded block, e.g. at coding rate 1/2, is produced which 
is decoded (whereby part of the errors can be cor- 
rected). 

A speech package can be divided into two parts: 
the important bits and the less important bits. Nor- 
mally, the important bits are transmitted first in one 
burst and the less important bits in a second burst. 
However, if errors are detected in the first burst (in the 
important bits), the important bits are retransmitted in 
the second burst instead of the less important bits (or, 
as described above, the redundancy bits produced in 
the channel coding). Hereby, transmitting a speech 
package requires use of at least two bursts, whereby 
when a channel is of a good quality, both the impor- 
tant and the less important bits are transmitted, and 
when the channel is poor in quality, only the impor- 
tant bits are transmitted. The quality of the speech va- 
ries in accordance with the quality of the channel 
while the intelligibility of the speech can be guaran- 
teed. 

One of the alternatives for implementing the in- 
vention is that for transmitting N bursts, where N is a 
positive integer, M TDMAframes are reserved, so that 
M is an integer greater than N; whereby, if errors oc- 
cur in a transmitted burst, it is retransmitted imme- 
diately in the next TDMA frame, if an extra free frame 
is available. This kind of situation is described as an 
example in Figure 6. Four TDMA bursts 22 (and TDMA 
frames 21 ) are reserved therein for transmitting three 
speech packages. In the example, the length of 
speech frame 20 is 10 ms, and the length of a TDMA 
frame 21 is 7.5 ms, so that a first burst is not trans- 
mitted until after an appropriate period of time when 
a second burst is already being started to be pro- 
duced, as can be seen in the figure. If no errors occur, 
three speech packages 20 are transmitted in the first 
three bursts 22, and the fourth 22' burst remains un- 
transmitted (or it can be released for other use). How- 
ever, if errors occur in transmitting a speech package 
20, said speech package 20 can be retransmitted in 
the next burst 22, and respectively, the transmission 
of the potential subsequent speech packages can be 
respectively delayed. In the arrangement as shown in 
the figure the three speech packages have one 
chance of retransmission (that is, one of the three can 
be repeated, if necessary). An advantage of the ar- 
rangement lies therein that the capacity for retrans- 
missions needs not to be reserved separately. On the 
other hand, the arrangement restricts the retransmis- 
sion chances. The above numbers (i.e. a transmission 
of three speech packages using four bursts) need not 
be fixed, instead, five or six bursts can be used for 
transmitting four speech packages, etc. All combina- 
tions are in principle possible. The transmission con- 
figuration can also be changed adaptively to conform 
to the quality of the channel so that in a good-quality 
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channel a small amount of the retransmission capaci- 
ty is reserved, and more capacity in a poor-quality 
channel. Hereby, the TD MA frame is preferably kept 
equal in length, and the length of a speech frame is 
changed in order to produce a desired speech pack- 5 
age to burst ratio. 

One more possibility of implementing the inven- 
tion is presented in Figure 7. Therein, a speech frame 
20 (e.g. 10 ms) is coded and transmitted in a burst 
22A. The receiver end checks if any errors are pro- 10 
duced in the transmission and informs the transmis- 
sion end of the errors (either together with a normal 
reverse direction burst 22C or with a separate re- 
sponse burst). The transmission end retransmits, if 
needed, the burst in the next ordinary time slot (burst 15 
22A) (i.e. in the next TDMA frame), whereby the 
speech package intended to be transmitted in said 
burst moves to be transmitted in an additional burst 
22B reserved for said purpose. An advantage of the 
arrangement is that more time is provided for ac- 20 
knowledgement since a retransmission need not be 
carried out before the next ordinary transmission. An 
advantage is also that a normal burst 22C of the op- 
posite direction can be used for acknowledgement, 
with the provision that the bursts of different direc- 25 
tions have been appropriately synchronized. A draw- 
back is that there is not always time to acknowledge 
the additional burst 22B (being the first transmission 
of the subsequent speech package), whereby no pos- 
sibility for retransmission exists for that. This means 30 
that if errors are produced in the first transmission of 
two speech packages, it is only the first one which 
can be retransmitted, that is, for two consecutive 
speech packages one retransmission possibility ex- 
ists. However, if the additional burst 22C is transmit- 35 
ted sufficiently early prior to an ordinary transmission 
22C of the reverse direction, it can be confirmed in 
said trans-mission 22C, and respectively, if needed, 
be retransmitted in a subsequent ordinary burst 22A. 

In any instance presented above, a maximum ra- 40 
tio combining can be used if the first and second 
transmission are the same burst. If the second trans- 
mission is not without errors, too, both of the received 
bursts are taken, these being preferably detected us- 
ing soft decision detection, and combined using the 45 
maximum ratio combining. After said combining, a 
check is made if a burst thus obtained is without er- 
rors. 

In view of the foregoing it will be clear to a person 
skilled in the art that modifications may be incorpo- so 
rated without departing from the present invention. 



Claims 

55 

1. A digital mobile radio communications system 
adapted to transmit data signals in bursts the sys- 
tem comprising a transmitter and a receiver, 

8 



characterized in that the receiver is capa- 
ble of carrying out an error check after each data 
burst is received and informing the transmitter if 
an error has been detected in the data burst, the 
transmitter being capable of retransmitting an in- 
dividual data burst or a substantial part thereof if 
an error has been detected. 

2. A system as claimed in claim 1, wherein a data 
burst to be transmitted is produced from a speech 
frame or data package of a predetermined length. 

3. A system as claimed in claim 2, wherein notifica- 
tion that an incorrect data burst has been re- 
ceived is transmitted to the transmitter by the re- 
ceiver within a predetermined time after the data 
burst is transmitted, said predetermined time be- 
ing the length of said predetermined speech 
frame or data package. 

4. A system as claimed in any one of the preceding 
claims, wherein the retransmitted data burst is 
substantially identical to the originally transmitted 
burst. 

5. A system as claimed in any one of claims 1 to 3, 
wherein a retransmitted data burst contains the 
most important bits of the data burst originally 
transmitted . 

6. A system as claimed in claims 1 to 3, wherein two 
bursts are automatically transmitted so that in the 
first burst the most important bits of the original 
speech frame or data package are transmitted, 
and in the second burst, the following are trans- 
mitted: 

- the less important bits of the speech frame 
or data package if no errors were detected 
in the first burst, and 

- the most important bits of the speech frame 
or data package if errors were detected in 
the first burst 

7. A system as claimed in any one of the preceding 
claims, wherein Time-Division Multiple Access 
(TDMA) is utilized. 

8. A system as claimed in any one of claims 1 to 6, 
wherein in that Code-Division Multiple Access 
(CDMA) Is utilized. 

9. A system as claimed in any one of the previous 
claims, wherein the error check is based on cyclic 
redundancy checking (CRC). 

10. A transceiver of a digital mobile radio communi- 
cation system comprising a transmitter and a re- 
ceiver, the transmitter being provided with means 
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for transmitting data in the form of bursts, the re- 
ceiver being provided with means for receiving 
the bursts, 

characterized in that the transceiver com- 
prises means in the receiver for checking each re- 5 
cerved burst individually and for detecting poten- 
tial errors in each received burst separately, and 
the transceiver comprising a buffer for storing 
speech or data for potential retransmission of an 
already transmitted burst or at least a part there- 10 
of. 
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